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Abstract of JP1 0274558 
PROBLEM TO BE SOLVED: To accurately 
diagnose abnormality of rotating equipment by 
extracting frequency feature quantity and time 
feature quantity from waveform data. 
SOLUTION: Waveform data of vibration or 
sound generated during rotation of rotating 
equipment is detected (S1). The time change 
of spectrum of the waveform data is obtained 
(S2). Frequency generating a peak from the 
time change of spectrum is obtained as the 
frequency feature quantity, and time intervals 
generating peaks every frequency feature 
quantity are obtained as the time feature 
quantity (S3). Sets of frequency feature 
quantity - time feature quantity during 
abnormality of the rotating equipment are 
previously registered as reference data by 
abnormality causes, and sets of frequency 
feature quantity - time feature quantity 
obtained from the waveform data during 
rotation of the rotating equipment are collated 
with the reference data (S4). Presence and 
sort of abnormality are specified from the 
collated result (S5). 
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(2) 

/ 

[&fffflf#©$SB] 
^©J^ft&JiJx-^Sr&aiU d©&Jgx-^©X^ 

m%m \z * 5 - b# nqftflt »©ffl £ Jt«£ 

«>*i:i:*«f*t-r*i!*3filC*0@te««0»1irt> 

ilt*»*fr*B!*aia:V»L»**3E«©IiHK« 

* n i mt-rzmxm i fcv> 3 te*c©iHM£ 
mm<Dm%m7"-?izttLT&m7- u xje«s 2 @ff 

* 1 fcV> 3 BBtt©@£MS© Jlft»»r2r&. 

raw*****, mfcfk&ma-m!s\ftMm<D&m&m 
mT-fizmG-Tzz. t*»at-r*ai*a 1 b*©i§i 



2 

£8S§§©H?itt£fer#fto 
MlO] 

-^^n-e*i±iBS«Ptt*je>Ls^©i^raraiBSr# 

3§if;£3t 1 9 IB*©|H«g«SOS*^»r^ 

ft. 

£*H8£-f 5W*B 1 Ctt©liieiftS©Jl*»Br:#&. 

M*ii2i mmm^mmmmzMvx^jvbi: 
i mmcommmmommmijtik. 

'Wh £i«#*£-r*»*JHl 2 IB 
«©@te^^©SS^fW^ftc 

m-r«its»«t-r*iji*?iii 4iE«©ing«s§©is 

fnsxmtizfcMv. mmmi:®fc&®t<Dmz-m3z-r 
zmmzu], b sfigsts £ 1 

t2*©lHiet88§©S#^»f*ft. 

fla»»6 tr-f ft^i;«nai[R«nttftWik>& lt#© 
MB*i^iBH*«*tuT***»«*affl«t, mm® 
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(3) 

3 

[W#S 1 9 ] SBBBtt &£As£BB0B»&Bffl 

S'J-Ttf-f KtBAS^tSBBtr-SBjMll 813 

[««S2 1] BW/«*IillE«jg{r»bT^«j^Jffii: io 

*a*B«B&B*.3;:£*BB£-*-*»#Bl 8EB© 
HHEBSroBiit^BSB. 

B*.*££«BB£-r*B#Bi 8 ta«cDiHigtti^©s • 

BB-fc>-»f*B;S.*;i£*BB<!:?-*B#Bl 8&1>L 
ffi^JR 2 2 E«©|@I*EBig©J|fjf^»rBg. 20 

[»#« 2 4 ] ■mo#iMroiziaiHt«£Ai«'r 

*K*^THfiBB£fi»iz>tf£*dtfB«»©S 

[M$B2 5] JD«*«tt#-f^3-f;W^-^T*-B 
C £*BB£T* WjRB 2 4 IB«OlHie«l§§OSS^»f 
Si. 

umm 2 7 ] toB^stiBM: >*tifflsnTn 

*it*»*i-r5M**2 5*fcttB3R*2 6EB© 

bswbobbbbbb. 

[B$£ 2 8 ] Ifl&^ftttBBBSfrBBft 

[ffl#«2 9] B$£2 4ftV)LB&B2 8EB0B 
BBB©BBBBBfifcisHT. ffi»«»jf£$i*-5i!fr « 
KJPB* ©f' =k 0 lsl&iS§3£ Soffit 5 itfe Kffift-fe > 

«f -5 B£MB£SB-fe >it t £ ^trt8ra5& 

[»^3 0] B$£2 4ftfr>Ltt$B2 8EB<Z>g| 
SB&OBfit^BBBKfcHT, BB&£Bf£21*&iiir 

ninB^ at j: o BBMsettB-r * 1 1 1> t«»-fe > 



4 

£&£mR&r«BBM®B*»K#i&. 
[0 0 0 1] 

[f89§<?)Jg-r-5S»lf#»] *BW±, @fEBS©S#^ 
[0 0 0 2] 

£©J:3&#BTBB&Btt , r*£B^:.i:oT 
(2B4EKS3WBS-T « H t "b & 
[0 0 0 3] fit, ft5fc«t9. lateBSiDBftf* 
B»*»fF©«fc3fctt#x-*fcBa:7-'Jx*B (FF 

fc&^Uj&BjesftfcSBB©;^* h;ww->t« 

Ml. JtBtt*KB^T®lKBS©S«<0WB£B 
Sf-TSClt^A&nTV^ (t# B^BS 6 2 - 9 3 6 2 0 
^&B) . 
[0 0 0 4] 

[»W)5«Bfcl/J:5tt5Ii] ±C4i«K 
I2t©ftf (i, A'*? MP/**— >©*i&fflv>TBB£ 

Btt) fc-^Ttt. B«©B«*B»Jr*Ci:3&«T#* 
[0 0 0 5] #*Btt±EBE&fcB*T*S*ifct>©-e 

CB«. 
[0 0 0 6] 

B»©EHEBfcB£"r*fiBfcV» LB© J: 5 ft^Ir- 
*SB1HU CWSWr-i'roX^^ h;K0^IBIft« 

*», A-*? h^©i3raBfca»&e-?s£i;sB»» 

SBBBBBBt l/T*»*ttt)C, 

^£ SSBraWHSBMBBBt bT# 

«k @te«B<OBteB©BB5 f -^^6**fc«BBB 

BB-^K1#Bft©*a«-, BCBB«>B*BC£l7*B 

BRBBB-BBBBB©B€BSBH9JK*&*>i;«> 

g& b T $» 5 * II Bg^-T 5 £ <h C «fc -a T 0feB 

[0 0 0 7] BBB 2 1 0«MC«H 

T, BBx-^K:fi^lHl7-UxBB*B-rid:t:J:») 
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5 

z>o a*S3©^n m*m i ©xw-^t. &m 

&SftiM#SiS©l5m?ilx 

cooo8] gs^js 5 ©liiii. i suba*a 

»*^6<755§^«. »#gil£^blf 

[0 0 0 9] If #31 7 ©369JH. If #31 1 ©569H=*3V> 
#&. l$ffl!ft««©&S&*Sipx-*{;: 20 

BH^-r*t>o-p*5. 8 ©sewn, itairo^ 
wk:*nT, lataisoiatBftft&iftffiu in&jggtr 
* crmffimmmzmiE-r -a t> ©t& *. 

[0 0 10] tt$£9©R93tl. lil£ttS©l9£l5£ft 

««©at ji*»hot t «k 5 s*» cae> 

ffStfcra-5M7 h «7- l~ J; o 

[ooi i ] if #3 i o ©awa. m&b i 

*#H»M*««r£©B*W#«»;:fflV>«t>©T* 40 
-So §f#3!l 1©S693H, »«9il©3BiflC*V»T, B 

®m& & mttmmziti lx^jv h s^uti^j sea 

[0012] If #3t 1 2 ©3BW1, |f $3 i wfgajKfc 

->3>£-£{C«Ot>©T£-3. fit #« 1 3 ©fgBJIte. 
§f#3tl 2<Dmm\Z&\,\T* ^hff)f>->3>S-£ 

Il<tfc:J:9<H'h©tt'tf»*#«>5t>©T&5. so 



[0 0 13] if #911 4 0X9111. »#Bl©3S9ifc43 
«ft**»4t©T*5. »*3tl 5©369H1. ?f#S 

«k r^-up h ©^ > ~s a > iz m-3 i)vv (ommrn &3& 
ssttj-f -at)© -e&-5o 

[ooi4] if #js i 6 ©xwi. w#9i i o»wc* 

tfiBtU |giyg<b0fe$S§t©ittKfi£TS®rtf''< 

;n- t><oTft*. i*ai7©*wi. 0 

(E«»©@*Kl^Cf84-rsi8»© «fc 5 KM?-* 
Hit" -Slgfb-te >+>■«*:. lOSir- SHDX^V V)l<Dft 

»»««crtKtr-^*±i;«i^wiBi«*Rfw«r«*t 

-**»&#©fcHS«4*««-l$IBM*i«©«S, ate 

tS^i t «fc T0fi««OiMf ©W**«t tXJMtJHH 
[0 0 15] M&fll 8©X9!te. tt&fll 7©fgBj{r 

»«SX»-r*«»««»tfi*A*t)(0T?*4. «# 
mi 9©B9IH, »#JHl 8©3MfK:*5HT, SIMS* 
tf S*A/£Pi*i ©«» £*ffl?-* -» ©-fe >it A . 

ai-rs^©sffi^.^t)©Ta&s. 
[ooi6] m^m 2 o ©xbj«. if #9 1 8 <D%mz 

S»i!i©^«)ffifflS^;P h S^triiirt tr«flpj-r* U ^7 
*f-f K*«A*"b©T**. If #9 2 1©58WH, »# 

[0017] If 2 2 ©X9!«. Sff#« 1 8 ©X^Jr 

<DT$>Z>. »#«23©X?J«. If#*l 8^ViL-»# 
S2 2©X9ifr*^T, ffi»)i!g<»:lHlG«S<h©l5ilS«l 
m-TSE^-tr >-*S<i*.-5 fc©T-a&S«. 

[0018] 2 4 ©fgijim. if i 7 <r>%mz 
i5V>T. ffi»ai©*ft^B#fci5j(Efi8i8SliP«-rsini|g^ 

^T@lE«S«!:«l&-fe>-y-<h2-&tf«tt*©S*©Wil 
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[0019] mxm 2 6 m*m 2 4 ©fgipji;: 

«W*«2 6©5giPIK;}3^T, lDl¥g*«llt>tt 
*I^ntl^t)©TS5, W#9I2 8©5£9§ti:. gjf* 

[0 0 2 0] M5&S2 a*Jg2 4ft^LB 

£ £ 6 triSSb-t >*©tH*H*^>T*«»W«TAffi 
*IEflH6H£tfc«-f * c id «fc <9 [Hji|te$S§it8iHr 

[0021] mmm 3 0 ©aw*, warn 2 4 &v> u n 

^tl:i"3 0fc$§§ ti»t>ift trifttft* ©&« 

[0 0 2 2] 

oT, t-^ 1 SrfgSjM-hbT^b 2 1 £?>LT[5|ijg 
[0 0 2 3] S6fc»K«Wr*. 0 3 (C^-f <fc O 

^©jtegKH^ans^-x i otctt, ^-x 

1 OtlzmfeZtlTz^-f^-X 1 1 tcl&Ottttfc'Jn 
71H h* 1 2S^LTt-^yi/-M 3^-jS^±-C 

- h 1 3 KJgf&ig®** 1 4 S4M,T*K3ftfcfiH## 1 
5Hffi«jMtbT©^-^ l*5I^tl5. ^E-*XU- 
-hi 3©X7-f K^filtt*— ^ 1 ©ffiTJiMKIft^-rS 

XI li§)t^l 5tlltt45±*si3)tl 1 a, 15a 
jWRtt&ft. W4-6±*«0frl la, 15 a©IHC«« 
MMFttl 4 aaWMSSft*. 

[0 0 2 4] t-i' 1 ©BfiAttlUAttClftfHtfc'? 
)VV2 1 t^L-CH(i«*T*4Mi' 7 y f 2 KfiS 

2ns, *B?7??-2tt. 04ic^-r«t3c ^;n- 

2 lJ&WtlllSftfc^s/? 1 :/— U 2 at. ffifflffiftttt 
§2 2 a, 2 2bT?tt£Sftfcliltett2 3££t>fciate 
T3Sgli5j;tffg2©#X2 b, 2ct, W§2 2aC 



(5) 

i^nfca-f;|/2 5t5:iA5 0 fgl©#X2bte[5] 
tetfi2 3K@#;*nTV>5#, §2©#7 2cliSl<!) 
#X2 bll^LTX^-r >lr«fc(3i|g^$tl|Hie«2 3 
©IB)#ftf;:#»i^<h&oTV><5, ?5y^-U 2 a 
te01Ettl2 3^bT«lS2 3 c £7>LT[eMSa£K& 

owii. L^L/T, -i-i )V2 5\zmrn.nti&&ffi.'t£. 

If! 2 ©#7. 2 c*»f55»f^-'J 2 aC«AT«« 

ft. ^5y^y-u 2 a*»6#x2 bKiic^searr 

io [00 2 5] fi§22a, 2 2 b l£-?-:ft-€tt$E&g£ 2 6 
a, 2 6b£fttt£ttT£9. tt$*2 6a£ttH3£ 
*-TJ;-5{rS«)-tr>U-3AiffiSSn^„ Mfrfe 3 « 
ffl§^2 6 aOSi*taiftl:t*t4 l bO'P*n 
«, £©«fc'5&'b©*fl|HTfc.fcV>. tu5T*. @<£« 

VTonm? 7 7? 2 ©«»£«»-& 3 T&aj 

-T-SIStr. BITOT'S fc^HT*-* 1 it«i7 7 7f 
2i^t^. *T. «fi5^7^^2Sr®0#ttfc^ 
KDiiillffltpyy?-?-') 2 a £tr^;PN 
2 1 £©RKTtt, 03 (a) Oi3l:, 

20 t-?^-hl3JWS#26a, 2 6b©B7llf 
•ST43< z:iCJ:oT^h 2 1 £ig#>T*i^. ^© 

03 (b) (D£o\Z, hi 3 

2 6 a, 2 6 ba>6Htutl:iot^h 2 1 CiBfi 

-T-ft-i h*l 2&ffll^T ; E-^7 p U-h 1 3 

1 1 KttLT^E-^XL— h 1 3 
*»&a»fc»ft3i3:*£<>:a«-e#. IMMMftf 1 4 K** 
LT*¥73lSl©73^ffli3-r. H*tt^©«T£l»Ji:-f 
30 SCi^T^S. 

[0 0 2 6] ^-^ i ■^m^^^>t.nm.^ : yv 

^■2*«ig<E-r**»6, d©^HT©«K|-fe>U-3©aj73 
£BU ^&**&fttf^©!j!CB£4f;£-f 5, ^— X 1 Ot 

^-^ i t<Dm\z\z. mm&mtti 4, 14 

ns#"=>, ^-^ l^e.^— X 1 0 f;:£ii£n3t8Wj£ 
c tat-es. ^E— ^ 1 ©gifi^ib-fe 
>^3T/^X£LTt£ffl£n5©£ffiJ8i«U 0&flg§g 

t u r ©mss v ? v 2 © mm & j -r x t l T«iai 

40 t^ut^tt^o liKi^WHiO^F^©*^^^ 
©MH^!t#^Lfc:^^«. ^E-^ 1 ^it^T^-* 
XL— h 1 3 ^±KE©[6]€i:H)^(S]^»3^ftS-B-. 
N 2 1^U «?K^7>y^2 Sr^Dn-To £©<£?& 
¥HTmfiB:7 7 ^ 2 ©;F&©*T&S£&tt!-f * 31 i^T 

A^-?-©^^iiH*)i|f^-rsc:t*^tEtc^^„ 

[0 0 2 7] 'J -TX/I" K 1 2 tCf^^T. 0 5 XZiftZ. 

X 1 1 KHy^tlT&rK ^E-Zzf]/— hi 3 
©TSfflt'H^Snsx^-f ^1 6 aSIA^ttfe 
so tc, X 7-f y 1 6 a fittSfi 16b©* pJ^fCiR 
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#J$n. ^StS 1 6 b \Z.mnz.ffi& 1 6 c SriiLTiSA 

oT. ^1 6 aS-ttSiSl 6 bJcSSt^-B-^Clt 

h* 1 2 ZQ^ZZizmZfrlZ^-ffU-b 1 35 
t-^^-X 1 1 \ZttVT&W)2ltZZ\£&*]mzf3. 

[0 0 2 8]^, mmmffi&14, 1 4 aTWg^ffJI;: 

^Mb-r^ty-rxdiiijn-rs^e, «»ig«#i4. i 

a, 3bSiib, ^ 1 tt^b 2 1 £8Ht&^t»c 
-h 1 0©H»)££:tfe£iJ-f<5„ Z.(D£olzVTMm&m 

tf-rtitf, ^-^ -fv— v 1 3 a^^-t. zfv- h i o 

4,14a 0>&ft8Xft£jftlffcr« - tJ^IBUft*. 

0 &ft; bfc £ * ©£iilil&te^ 7 ©@cd J: 5 lifts. 

[0 0 2 9] 0 2tC^LfcgB«, ^E-^X 

l/-h 1 3 ©fM&S**f£fw.t9frfc3 

V 1 3 5^Ki^-ti-S^iij^©tbT08 \Z 
*t±5^X7y'J>yi 7 SStt* X 
7v'J Tttt-j'yu-H 3©Xy-f F^|S]ir 

^b^E-^Xl^-h 1 3\Zfg£Ztlfzay K 1 7 a* 

izw-oT. m2\z7iii,tzmtfttmmiz, *wh2i«» 

(j-SiCllt-^yi/- S 1 3 *i§§2 6 a, 2 6b 30 
©«5fcfF-&Tii#. ^h2 1 SrrtHtfc&ClXJv'J 
>yi 7t'J:^T ; E-i5'-/^-h 1 3£&!&£-B\ ^ 

t>*>3/^ ^ h 2 1 S^ti t (IttX7'> U >^ 

1 7 (Day h* 1 7 a t^ffi^fttC&ft^ttT^b 2 1 

[0 0 3 0] ^E-*7l/-h l 3&&W}2-&Z>mW]^& 

Ttf-fXa-OW^E-? 1 8 *fflV»*itt>flIfiBT*S. 
jK-OHi-oue— ^ 1 8ti, ffiE^Mcoa — 9 1 8 a(0 40 
H+©±T^fr©fiffl®{;:*AfiBSl 8 bSrffigU 4> 
*H-*ffi*03-f^l 8 c fc#abfct>©T*oT. 3 

-on 8 c ta«««*«E-rct»c«tDa'f;n 8 c*« 

^^©fi^faliie^T&KrrsfcWT-fc&o n-r;t, 

1 8 c<D&m\mMmm\zfoCT h^-ya 

1 8 d fca£©«*S'frtt***TB«***»!»-r*l 
tt, 3 -OH 8 c ©&gt«SitJg^ffi©*Tifflia!IT3 £ 
<h*<T££. 3-f;H8cttD7Hl8e^t/Ti- 
h 1 3 ttt^sn. ±Bt*IH*l:ei;T* 
-*:/u-M 3^»$-e-s^t^T^^o so 



/0 

[0031] tc5T. * i tm.Wi-t.yv 3 tV>?$ 

\Z\t&m&ffittl 4, 14a##ftl/TV»4*6. t- 
* i ©fg»He©fc©teg»rt:>it3 KUKtAxfeiiS 
*l&<^#, 2 1 <DMW}\tmW)-t>-*)-3!,zJ:9&ilii 

^n^ctir^^o ^ h 2 i (Dmwimmmt. 

&t VT<Dnm>7 ? v 9- 2 ommmm^fr &o t^*m 

4 )V9 *WLWt:m.mM>*)- 3<D&>J]frt>'Vlb 2 1©« 

Wtrisy-fXtEfcirmtf. !!»-£>-*}- 3 ©tB^s. 

5 y ? 2 tCi o T4 C-5gftj£#«fl-© /-<XS 

Z&tb2>Z\ttf-»im\ZfrZ>. 
[0 0 3 2] ^;Ph2 KOmmm^fB (Hz) lit 
^f- 2 1 CD^>>-3 >Tfi (N) ^E— * 1 ©ffl^tt 
£*«*7y3=-2©|llte*ll2 3 ^OMNIENIL (m) 

2 l«^ffi-^#RKJ;9&£3!|#&<ia (k 

fB =T B / (4 • L2 - a) 

±^*fflV»T^;H>2 l©|8»fflJft*fB £*#><5££ 
fc, #ttia«il«-t(!:^tTj;<, 7>->a >T 
B tiXTv-U>yi 7WX3-fM-^l 8©*?^ 
©^c^$ (X7y'J>^l 7T(i^SEE, #-fx^-f;u 
^E-* 1 8-eH«^ffiir.J;-=.T»?)^i^T#-g.) (cj; 

it, 0 1 0H*-r«fc5»^ t-^A-hl3M- 
X^l^— h 1 0©^&Mt©^©iESI?:tf?fflT-5fcJe>© 
IE«t-fe>-y-2 7^©ttT*^<, fcm*>*)-2 7\$tztA. 

\*yt¥j£<ob<D%m\t\ m$m j ty j *2 im<»ym\z& 

[0 0 3 3] T->va >T B ^raJE«L«i8fii5BrffiT? 
*^>^ h 2 1 ©#tX»©^t(3 J;^tgft«&3S 

fB ©^ftt'^-r^^t^plflgt'^^. fctAH « 

©iiia^«^ft;$i±^ z. t.fs. < j -f xs»*-r* c t 
x^&Hr>-y-2 7tcj:0fg«s:ai^-rn«, ^h2i 

©fi$<D»t^5^tAS-et5. *Z\T\ ^;Uh2 1 
tfi'jSfct 5 t^S21 ©#££»#*# < &5 C <»: 

a-fti«, ^h2i©fi$<ogftl:J;^T^h2i 

iJtt^^Uh 2 l©ft$$:iS!l^bT*5^, ^ffiWtC^ 

h2i©fi$5Ml/T#t;i^MI (fctx.«, 5 
%) niiLfct^tr. 2 i©£&<HS-T;i<*;#bI 

[0 0 3 4] ^:i5. ^h21 i)^-? 1 ©{li^tt^J: 
^@etfi2 3^iSST-&Hrtfc^$n-5J:5tr, Etett 
2 3©ft#^lS]{r43^^>«a^y-y^2©&g$-P®iL 
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// 

tiijim^Z^v^-y-V 2 at s<)l<h 2 1 £<Dffl-cm<0 

[0 0 3 5] S»-t>+»-3<Dai^lcSo*<««l««f«- 
&-f(0&O\Zf7f3iO. -T&fc>*>. 01 (a) <D£?\Z, 

mm-t 3 <Ditijjfrt>&mmmih® a htw&* 
mwLmtmvM&mmt vmnm^ 5 \z xti-r 

co o 3 6] mmmm<Dm*mtemm\t. 01 (b) © 

i^tr^-So £"f, S»J-fc>it3©ai^$r^0iitf (S 
1) o -AIZ. ffiS)-fe>-^3(DtB^(±&^X-^T^S^ 

(S2) . ^SO, »^-*»Jl&g:£i$F B T£/\-<7- 
^WLTSW7-'Jxfi (STFT) 

[0 0 3 7] ±>ZE(75 J; o \ZMWj-t >it 3 Witi^©^^ 

^cfzt^iz%^t^mm^.tmmt^ r 7-t<Dmmz 
&vz&mmtzmnz&mmtv'ctoiii-tz> (S3) . 

ffl^g&sffi^it^tic&s. sfiPsit mmz 

Wtfe? Z>z\ttf n?****, RRlztsilZttimT-jUzii 

P s = w + 3 a 
P s = u + 2 o 

mm?^m%<nmm&'pte^m&\z\zm%<Dmmmp 

[0 0 3 8] ^it, IUte«SS(0#tt(DS#Jr^ViT. 

Xs (to , w) = ("x (t) v 

[0042] ±mLtc£ote&mmmzmsTMW)-t> 



(7) 

12 

* &%mzmm&¥f&m-&fm&wim<D&zmm7 : -9 t 
bTiiitit, ®ikmm<Dmifm\z3LVz>$mT- 

?\zm-§>-?z> (S4) . fetAH hi lfc^-rj;^ 
c, ast««cDms:#m* f i , f 2 ■** 

«S<7W]1#S8» t a , tb, tomfr-SfritiZg, 

io trfig^1-^©T'*-5. 0^Tti^&S#m»-I^P B m 
(f] , ta) «<h#K$i&g©rtgBtI|g#& 
(Ri ) . (fl , t b) gfttTfil 
(R2 ) > (f2. t b) 2 (R3 ) 

©. mm?tyy^2<D?7-yf7-V 2 a£*X2 c «h 

(D&mmm l t <^5gw t commm m k*b ^ -r z mm 

[0039] ±KELfe<fc^tc > m&i&ftWim-mfflftWL 
na , s«©w*ii3ct^^soa«^^-r?. ^ turn 

30 (S5) o ^43. .^«^(r^iSg:#mai5<i:tK 
-tr>-th 3 <D\ti+j<Dfr\z£-i xmM)Mtfiftvim\z fs. Z> = 

[0040] znzvmmz^Tffimzmwrz. m 

(t) , &mfk&w (t, At) tUT, B#^Jt 0 
tt?>^3fW^X^^ hJUX s (to. w) $r. x (t) 
w(t-tQ, At) CD!7— U X§£g|t;: J: 0 ;J<J6-5 1><£> 
T$>^>. -T^t)^, ^clcoi^fc^-S). 

[0 0 4 1] 

[Si] 

(t-to , At) exp(- j wt)dt 

so ■9-3<Dffi^T i *^&^x-^^^B#F^>'-UX^g|$r]6g 
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Lx^sbfzx^ h)u<Dmr$£<m. rzL^itn^n 
tf, ±.mi<tzmm®.&mm f i, f 2 ^mmttmm t 

[0 0 4 3] £x-:7V>.y K^&te. >>x-:/l/ 

g (a, b) - (/a" 

J _ 00 



(8) 

14 

hHiC^a, b <t) tt, Vtf-«>x 
-^U^h^ (t) tWZx.—'fl'y bMWKD&mt 

7x-?V>;/ MHJISfT&"5. 
[0 0 4 4] 
QR2] 



». * C t ) x ( t ) dt 



tztzU V.. * (t) = 
[0 0 4 5] ^1-^1/7 hXSlTtt. SHftftfftMtt 

ttHtt«4ti3£Httft^Hmie«nK<ft«. 

StLT^Si^S. fit, HIfc*SS§©lElte&& 
£&ajt-3#g (o-*'Jx>a-y&<i:) sri*. gj 

igaaEt:*:i;Ti*ii(n**«*«iE-rn«, mfrmmizti 
[0046] rnmrnm 2 ) ±.mmmmmo& ^clt 
#asii/T^§^ z.<D£o\zLTmtt>fzf%r$mm\z 30 
\z. mm&®.m t a ten, a 1 1 . a 1 2 , a 1 3 

-pco^femifmSfrMLTBt*^^-^^ f (t) T* 
ir«$n-5. cw«k3^gefflMHIS:<i> xx (r) 

BS^Jt 1 -^ f (t) (DmmH^m^Zt 40 

[0047] min&ftWimvmmmT-* 

«HBISc<I>xx (t)- CftilTM7-yiti (F F 
T) £JfiL,Tt>«fcK, HI 8»3jR-f«k'5H. 

t%£otimj&T'&z>t. mm7-*)x.m&&Mvtzii 



02 0 st. ftMtfstsctt v> tr- 7 

[0 0 4 8] (*1EMB3) «»«Si<D 

a, 02 1 t3^-r±5tr, 2 a*»^fe§c#m» f 3 , 
f4 **HNfk:«Hi$n*;:iK:ft*. 3 
«, #^S^M»f3 , f4 £#ae>fc&K> 

f 3 , f 4 znz*ti j etmwmmmt c td 

»jrr*;i£#T?**. UfcjJtoT, 02 2tr*rfi:? 

[0049] mmm&A) *&nosmt. mtautm. 

«4K*V^T«iSS[»«*tl^lBM*««t*«lfflU. x 

Lfc^oT. HttlKWi«^l«IIH*iUi&«ll«»WHi 
g»t»ll3«>J:9K:jmi[icWiUI2:>»PIM«M 
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[0050] mmmm 5 ) xmrnmrnt. 0241:* 
i 8 tmm<Dmf&&m-rz>*><DT:&-D 

T. 3-^3 1 at, *:XiiB53 1 b ^L>0^'f;U 
(#-f 7.n-f ;P) 3 1 c tSrfitAS. *4\fiS53 1 bfi 

o, i c \z ffi-r®mmm<Dftz\zfct-i: 
3 i c^h-^3 i a<D*&K<Dmtt\tii\zmm&m-r 

3,fc?t;:&^T^3o 3-?3 1ain'f^3 1 

c tii«»tf*a3 2tri:t)^$n. =K ;U3 l c \z® 
mnWLZffilsX^tlL^tgiZltZ^ )V 3 1 c^3-^3 

MH;f*a3 2\Z\$3-(M£t3t J py-( T7?AW.(Dmtt2fc 
Ztitm^Ztl*. 3<E>K. a-T;W3 1 c{3«^tt3 3 
0-*7j«IS^an. *i^ttl3 3CDffi^{3(i«0 3 47jtig 
^SftTHS. a*§tt3 3tt^-X 1 0\z3Lm2tl7>y 20 

3 1 c £ftrafira%ttii3:<Z)tttttB*tf£ h*7-f A* 3 

1 dfc#**££TlfiWSft*. iS^2 6aC 
te3-£7 3 1 aA^&Sn§. 

[0051] Li^T. ;P3 1 c tarr n,9i&/vi 

X4totr>ljEKiMRtt£&r«£&-rttS#2 6 air* 
««Stf:j6i;T3— ^ 3 1 atn-f;P3 1 c idJfflWW 

tz&mv£? tv, i-vvz 1 cMtareoHCSoKQ 

[0 0 5 2] *£lt*ttll. ®HHr>1t3©ttg#2 6 
a fc*«-*flJttttt«-*>««* 5 y * 2 26aC 

•f an-oi^-* 3 1 ^^Wj-T-Si'SfrbT^^o m# 
mztemn&m 5 *««T©#Jii-r»*«)*«s*!p]»f-r 
5. 

[0 0 5 3] ma^y^CDillWMrSfT&S 

-'J 2 atOBC^h 2 1 £Ht»?B?. ^(Dt^tr 
fi. 02 4t'^r«J;5{c, t-^yu-MSSi^ 

2 6 a, 2 6 bfc*F-a~Cfe< Z\t\Z^.-oX^)VY 2 4S 

^)Vh 2 1 l:fg©f>->3 ^SjWtfcflMBT*-^ 

1/-M3 1 0 l:Bgf^„ 

[0 0 5 4] #-r*3-fJl^— *3 1 5r^»U 

Ttt3fc*2 6 a*«»Sli\ JtW X3<;iHE— * 3 1 \Z 

i t. mm±.>D-3iz^K>^tiihitm.W}<D 
nv-po t<D& (=po/p i) zmfkcommmz-D so 



"WK** Vtctf-f > G £##3 0#S23 LV*. 
G= 10- log (Po/p i ) 

fcKffii LT(D_hlE«G s *5=ttKTISfflG i 

m-gmny^ >G<D¥-i$m\z-%.mv>mMn$:ftf3.-Dtz 

m <hifc&U 02 5 (a) K«TJ:-5tr, Oototzf-i 
>G#±KffiG s tTKIG i t<DKT*Si#{:tt 

G i <G<G s ) , «i&-fe>it3^ffiS^2 
6 a\Ztfyz-z>$fc<®.iomi<btl. 2 6 a 

i7y^^2*i«*Jr«Jt$tlT^-5t*i]»T-r-5 0 i©ct 

ofr#m&m®.<Dm$imz-D^Tfttzo z. tiz^x. 

T, ^xa^f;^-^3 1 fr#A3I&fi&*dit#A;W7. 

«T*n«l HOftaTy'f >G<D^^^*S-43I.2)C 

m<k2-£tetf*>f-i >G&&isbZ>z\tlzti.z> 0 g 
Mt'S^75^n«02 5 (b) 3 fc. ^fefcy 

-f>G#±ffiffiGs iTESffiG i ti(Dffifrt>mHtZ> Z. 
tiZteZ. 

[0 0 5 5] HHB^&tbTtt, 02 6{C*-r«fc^tC 

croirorj'fai- ^3 5-et>^-r7.zi-f;w ; &- 

* 3 1 £PI«l;:*Mt& 26a fcSlbSljn*.* d <b#Ti* 

iCJCUTttS^2 6 atcSnA^TJ^^kSia-^^i^T 
1C, "MS-&2 6 aHUP^fe^^CTT^-f- 
5^?>«Jlttl?3^#^c:tfe'5j^T'ab^. * 

C1T*, SnS^TS^T^^iLX-^ 3 5$:til!l-t>+|- 
3 H«ffl-r^> ^tfci5T«fiA»*tt«tS - t^T 
#*. fcfc'U ^©«BicT'tt7^^iX-^3 5{Cj:f9 
ittS^2 6 aSrM«J^-l±^»rfl<t, 7?faI-?3 5 

LTfe-5o y-f >G<7)iB!l^tH/l;UX^^LjEK&« 

[0 0 5 6] $8.^, JflSfttUTH 02 7fC*-r 
.fcptC. A>?3 6 $fflV^Tt)J:li„ A>V3 6(i@^ 

2 6 afrW^^^^-AS,, A>V3 6^fflV^-5<i:»^73 
5r#A^>^e, 1 @(D*^T^©^iSS:fi£»^tflg 
Wj^«iS^2 6 at'-^A^^i^T^r^. »«7j 
$r4-x.^^{CA>v3 6«WS#2 6 a*^(8tl-5^ 
6., g!Hr>-tJ-3i5«ktffflg£2 6 a $r^tf«it*lR©S 

>V3 6fc*3V^TttS-&2 6 aK«g?j£f£ffl£lt-&g|S 
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[0 0 5 7] *£Jfi#»£iSt>Ttt. y-f >G*i±Sffl 
G s tTISttG i £©«fflrt*5*©*TjE* • JMTS 

G s <bTB«G i tCDfgBrtT'ttS.^feWCoy'f >G<D 

±K«G s*«fc^TIB*G i tO¥«I*jftj|fflf-i' io 

[0 0 5 8] 

com*, ia£as0jt*i*£&tt«Mttft*its-*m 

T-flzm^-tZ Z. t \z£ o T0te«»©a#OW«6* 
Cit« LTSSI H©«»J»**«SS < t V> "5 Wjfli** 

$>-S„ 30 

[0 0 5 9] »**2©^HJ(D t fc5{c, Wf-i'fCi 

st m 7 - u ^ifi-r z. t n<fc 0 &mt- * ox ^ * 

[0 0 6 0] IS*a4cr)^^cr) c t^lc > Ji&&4#g«£ 

v»t k- * c zmmmm\z£'j>e>-rtitf& 1 t t> n# 

[0 0 6 1 ] §jf#3l 5 co^^coi 5 K, ^&R#?S»$r ■ 

ia.mz.mz, &nmm&m<»ft : &m : T-z\zft\s-z% so 



tt-s tr-^ »f84«w*ittffi b^-r < &5 1 v» 5 

-'Jx^&^Bfr&^yT'X hyl±®M*ftts.^. m 
[0 0 6 2] 7 C7)5!^(D J: 5 tC. «iccO^&^# 

\z, mmm&omfcmm&tiimv. m&mmzfevxm 
[0063] m#m9<D&w\t. \si&®®<D\5i&m\zm 

C*^BIIWH*«rBW*««a:bT*». @f£8j88©lHl«E 
&*©ffl £ SSH B53'J £ SrttfStt Vf 5 «fc 5 ab e. ^ c «6 

[0 0 6 4] tt*« 1 0 ^ {3, #^j£fSc!$@!; 

So 

[0 0 6 5] KOSBWO^-SK. BlbM^&B 

WiK«SnTVi*t>©Ttt, KBIT'S. @te«£'Ma 
X*»^ft<ft:*iV» 5 1 2 <7)%^c7) 

[0 0 6 6] M^JS 1 Z<D%m<D£.0\Z. ^h0f> 
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[oo6 7] m&mi 5<Dmw<D&o\z, mmmt®& 
>$m£<DW%mm&&V'<)Vb<Dy-y>'B>\zm-3^x 

'OlbOMWimitL&.&Wlii-TZbOT'te. ^FOr> 
v-3 >i)^tVX*>^)Vb<DW.W)ffi&%L%:5SiZ>Z\ £.t)*X 

#5a>e>. soisbommiz^zsixz^izmik-fz 

W#«l 6©5gl£©et?K. ffiSjjg^e. 
t[Hlte«§i<i:<Ditt{ril32T^)Srtt^ h £&g£-S:& 

[0 0 6 8] M$«l 7 Elte«»©ialEI9l;: 
^£"f-5fili!j©<fc o W&M?- 9 StttHT **«rfe >it 

*»U»a#UT* 3*«py-* icBdrs £ <h lc <k -3 T 

mm&<Dfr&m^xm%mmz&i£-rz>>b<D\zit%iLx 

[0 0 6 9] »3fc*l 8©fBW©«i:51;:. BBBfr&B 

SBBMSCfiBLftfr* «t 3 l;:B»iB££*rr-S«ibg| 
©-Hi. B»BfrS©«»a<B4£tKig 

[0070] 1 9 ©^©i 5 t. mmmffittz 
>-*<Dtiiti\zm-3^TMmmffitt<DfcmM®i£*®. e 
^»fcB*.*t>©-H4. «ft«««©e^s»&«a-r 

[0071] mxm 2 o ©^©.t o t:, B»iii§!£Be 



(11) 
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jib&^tsmftizMffl-rzv-TX^ b&ffiz.z>$><DT 

>*afiKB«-r*c£jj**rBK&*. a*«2 i©sg 

^offi«jMco^a®HSr^;i' h z-stfrnpHzMfflTZQ 

is £ <fc 0 « •=> a> iz &® s -e- 5 £ t *tpj«g £ & „ 
[0072] »*«2 2 ©3gw©«t 3 n, mmm&mfc 

>o «B£#LTiM»T*«fc£l*-ra£tt#»£, B»ilS£ 
#fft£tt3&Bj#©<h£(f*-5fc©-H;L 

3©5i§9§©<fc5{;:, Bl&B£B£«B£©BEl8i£*&ffl-f 

• z>z\£tf*imizti.r), ^mzoib^^t^mvx 
[0073] m*m 2 4 ©««© ,t 5 k, mmm^m 

**, 10«#»l;:«fcDBlE«B£j!llBLfc£*fc«B-fc> 
£ S^trBtM*©**©*-***!]*?*- 3 t> ©"Hi, 

®&mm\zttirzmm±>i)-<D&ttvtmte£<D&&it><°j 
mizuK). nm&<D&^&ft®m&»!m\zti.z>. 

[0 0 7 4] |f*^2 S<T>£o\Z. SnJg^©^#-f 7. 3 

5$tc$!jtaf u^>-r< . bkbb^bimi >■*©»#©*& 

[0075] 2 7 <D%w© «fc ^ ir, mm^mm 

wrs. 2 8 ©%W(D<t a \z, mmm&&®mm 
mizffimt)Z5-z_z>/\>^ tvfzboxiz. mm^&t 
vx^-rxzi^ji'E-^^T^^zL^-^izit^i-^t 
40 mm.-t)mmz?3.z£\,^%i&fii&z>. 

[0 0 7 6] it*«2 9©^©J;5tr, M *K 2 4^: 

fi. y-r >tmmt<Ditmzx^x®mm^tmm±> 

■y-t*^tr««*©ftflt©*«i*«Wr-r*A»5. B4E«K 



«ra¥10-274558 



21 

[0 0 7 7] m#m3 0<D%W<D£o\Z. M#9l2 4ft 

mmtz 1 1 h\zms]±y^-(D^,fi\zmr5^xmnmm 

Jt«T 5 z £ \z «fc 0 ifeHSiSi-t >-tt i £#tr&« 

#***MW**»&, W^«2 9©«jSfcJ£«UC«k?> 
[BiB©ffiWftK91] 

[01] #ygJ£fiU (a) tt:/oy*H, 

(b) ttlMlsK9iHTa*. 
[02] ra±<D«5£gg£^-r 5 F®0T'£5o 
[0 3] ra±©Wj£igin&3SU (a) 
-f%&(DMmm. (b) tia&KJB©fl!liBB|-?&3. 
[04] l^±trfflv^*fi8i7^^5 : -o»fS0TS-5<, 

[0 5] H±K*V»T2**«*ffl^fc»£©HW«»f 
ffl®0T&-3. 

[0 6] H±t*sir»Tig»«if»oejiw»c*»«'r* 
[07] n±K£»?«aMiFtt®e&Hft<i!>xfl:&w 

[0 8] B±C*V>Tl7i''J >^t«V»fc«**-r«!l 
B0T&5,, 

[09] H±K£V>T:jWx:3^;i^-*«flI^fc«* 
^-f¥®0T&5, 

[010] H±K*ViTEIi-fe>-9-€«t^fc«**-rfl!l 
E0T*^o 

[011] n±fcflV>«»Px-*©-«ft*"J-HT* 
[012] n±Kfe»*x^^ h;i/©i*lHUCfl:'©«** 



(12) 



[013] (f^K&ttST.^ h;P©«fM*{l:©«** 

[014] H^JdiJttST.^ h;P©«rM*fl:©«** 
-f0T&5. 

[015] RlKMUS'Ji-^Uy h«*ffl**Hf 

[016] siigjgsi 2 c£tt«*"<? Mi/onsnMM:© 
[017] B±K*ir»TaeffiB«»sfflv>fc«i**r 
[018] m±\zis\ / *T&m7- , jx.&&zmmvftw 

[019] R±t*^TKjlfi7-'Jx««SiifflUfc« 
[02 0] H±fc;fe^Tdr:/* h9/>«*£fT&ofc« 

[021] *ss^ii3tci5tt^x^i7 h)v<r>^mtit<o 

[02 2] W±K*»t*S*x-^©«**-rHT* 

20 -5„ 

[02 3] *SS^ffi4€:^-r^n-yi70Tfe^o 

[02 4] ^mmmsz^v, (a) wmh. (t>) 

[02 5] ^±Oi#KJSiT$5. 

[02 6] H±©flfi©«fig«S|^-r 5 Pffl0T*-5o 

[02 7] |^±©^G>lrffi©«fig^lSr^-r¥ffl0T* 

[02 8] m±<DW)ftlflWmT3bZ>. 

[j»©M!] 

30 1 ^— ^ 

2 f«i?77f 

3 sa»-fe>-y- 

4 #&attajgB 

5 j**»0rffi 

3 i *-fx3-f;w-^ 

3 5 7^fil-^ 
3 6 A>V 



[04] 



[0 6] 



[0 7] 




"22c 
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[013 



[011] 



(a) 
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(b) 



S1 

S2 
S3 
S4 
S5 



I 



I 



T 
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